In a recent investigation in these laboratories dogs of various breeds and body-weight, and of either sex, were maintained in metabolism cages on a standard diet and standard water intake and their urinary excretion of thiamine was measured (Worden, Waterhouse & Partington, 1954). It was found that, when under these conditions, the environmental temperature was increased by approximately 30' F, the volume of urine decreased to approximately one-third, and that, although the concentration of thiamine in this reduced urine volume was greater, there was a significant drop in its total daily urinary excretion.
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For the first five consecutive 24 h periods the dogs were maintained within a lower environmental temperature range. At the end of the fifth 24h period the environmental temperature was raised, and all observations on the five subsequent 24h periods were assigned to the higher environmental temperature range.
Details of the individual dogs and of their daily dietary allowances are summarized in Table I . 
RESULTS
The general condition and behaviour of dog no. 4 (Scottie) during the experiment were excellent, even during the latter part, when the environmental temperature was considerably raised. He was bright and active in the cage-in which he had room to run and jump about-and in this respect his behaviour differed markedly from that of dog no. I (Pat), a more placid animal, although apparently quite happy throughout the test. Although Pat was more than twice the weight of Scottie he required only the same weight daily of the standard diet to satisfy him. Dog no. 7 (Roxy) could not be persuaded to consume voluntarily as much food as the other two dogs, since she has normally a smaller appetite, and her food intake throughout the experiment was therefore adjusted to 75 % of that of dogs nos. I and 4. The concentration of riboflavin in her urine expressed as pg/ml. was somewhat variable; also, owing to the variations in volume of urine voided per 24h, her daily excretion of riboflavin at the lower environmental temperatures fluctuated considerably. I n all three animals the urinary volume excreted per 24h at the higher environmental temperatures fell to between one-third and one-half of that at the lower, the remaining water being lost presumably by increased evaporation from the body surfaces,
The values obtained when each of the three dogs was confined to a metabolism cage for a 10-day period are given in Table 2 .
In Table 3 the average daily riboflavin output at low and high environmental temperatures is compared for each dog under study; it will be seen that the differences for dogs no. 4 (Scottie) and no. I (Pat) are significant at P < POI, but for dog no. 7 (Roxy) they are not significant (0.4 > P > 0.3). ix. ix. for consistent and repeatable results (see Worden, 1939; Worden et al. 1952) . Over the last 4 days at the higher temperature, by which time the daily urinary volume fluctuated much less, the standard deviation of daily riboflavin excretion by dog no. 7
was nearer to those of dogs nos. I and 4 . The urinary levels of inorganic phosphate were determined primarily in order to compare fluctuations in riboflavin excretion with those of constituents that have received wider study. The daily excretion of inorganic phosphate was parallel with that of riboflavin. This apparent relationship has been noted in a whole series of metabolism trials; it is hoped to discuss it in a later publication. DISCUSSION Beher & Gaebler (1950) studied the daily urinary excretion of riboflavin in adult bitches of various body-weights and adapted to periods of confinement in metabolism cages. They found that the excretion of riboflavin was different for animals receiving the same amounts of the same diet, but that in a given dog the administration of testosterone propionate lowered the amount of riboflavin excreted, owing presumably to the anabolic effects of the male hormone in the female animal. Even more pronounced results were recorded for the urinary excretion of N-methylnicotinamide, and there was a similar but less marked trend in the urinary excretion of ascorbic acid.
The degree of utilization of riboflavin by the tissues must clearly be influenced by the metabolic rate, and this will consequently affect the proportion of any given intake that will be excreted in the urine. I n a given animal, however, it is reasonable to assume on the basis of current knowledge about the physiological functions of riboflavin that the amount required will depend principally on the nutrients utilized. With the increased calorific demands of a colder environment it would be expected that the utilization of riboflavin also would be increased.
The work of Feder, Lewis & Alden (1944) suggests a relationship between urine volume and riboflavin output through the kidneys. In our experiments, however, there was a large decrease in daily output of urine at the higher environmental Vol. 9
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temperature, and it coincided with an increase in daily riboflavin output. It seems evident, therefore, that in a warm environment the loss of water from the body by routes other than the kidney has no effect on the excretion of riboflavin.
Other workers have attempted to determine the effect of temperature on riboflavin requirements. Mills (1943) used growing rats on different levels of riboflavin in a cool room at 65' F and in a hot room at 91' F. Since the minimum level of riboflavin inducing the most rapid average gain in groups of four rats seemed the same in both environments (zmg/kg diet), he concluded that there was no effect on riboflavin requirements. It is difficult to assess the results, as the animals were fed ad lib., but on the basis of average food economy it would seem that the riboflavin requirement in the hot room was near I mg/kg diet. Mitchell, Johnson, Hamilton & Haines (1950) obtained results with young pigs that clearly showed riboflavin requirements inversely related to the environmental temperatures. They found the requirements in the total ration to be 1 -2 p.p.m. or less at 8 5 O F and approximately 2.3 p.p.m. at 42' F. These values were equivalent to 0.54 and 1.04 mg riboflavin/lb. feed respectively. The authors confirmed this effect of temperature with preliminary experiments on older pigs, when on the same diet they found consistently less riboflavin in the urine at 42O F than at 8 5 O F.
In view of these findings with the rat or the pig as test animal, and of the results now obtained on the dog, it would appear to be important to carry out work involving quantitative assessment of riboflavin requirements under reasonably standard conditions, or at least that the conditions of the experiment should be clearly stated. In the field of human nutrition many attempts have been made to evolve a quantitative method for the diagnosis of riboflavin deficiency. Feder et al. (1944) considered that an excretion of less than 0.3118 riboflavinjml. urine was indicative of riboflavin deficiency, and the riboflavin concentration in a sample of fasting morning urine was claimed to be as valuable as a saturation test for estimating the degree of riboflavin deficiency. Other workers have used a saturation test. For instance, Oldham, Johnston, Kleiger & Hedderich-Arismendi (1944) reported a close relationship between the excretion rate and the response to a test dose. They suggested that the elimination of I pg/h by a fasting subject, or the elimination of at least 20% of a test dose within 4h of its administration, showed an adequate nutritional status. On the other hand, Axelrod, Spies, Elvehjem & Axelrod (1941) claimed that the test-dose method was unsatisfactory, and obtained no correlation between the percentage of test dose retained and the amount excreted in the urine. It would be of interest to know whether environmental temperature plays a role in the riboflavin requirement of the human subject. If it does, then on similar diets the riboflavin excretion during winter would be much lower for a given subject than at higher temperatures during summer. It would therefore seem essential to lay down detailed conditions of test in any attempt at a quantitative assessment of riboflavin deficiency. Montenero & Frongia (195 I ) have already reported a considerable rise in riboflavin excretion in five healthy subjects after the artificial induction of a temperature of 39' for 3 days, the riboflavin excretion subsequently returning to normal. The urinary excretion of riboflavin was followed in three adult dogs of different body-weights, housed in metabolism cages and receiving known amounts of riboflavin in a standard diet.
2. In each instance the excretion of riboflavin could be altered by varying the environmental temperature. With an increase of approximately 20' F in the environmental temperature the urine excreted was reduced to between one-third and one half of the original volume. The concentration of riboflavin in the reduced volume of urine excreted at the higher environmental temperature was, however, always more than twice that in the urine excreted at the lower environmental temperature. The total daily urinary excretion of riboflavin in two of the dogs was about 75 yo, and that in the third dog about 25 yo, greater at the higher environmental temperature.
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